Introduction
The Pricing of forward-start options is one of the problems where realistic modeling of volatility dynamics is of particular importance. The Barndorff-Nielsen-Shephard model tries to meet this requirement. The general case of this model is introduced in Barndorff-Nielsen and Shephard (2001) . A possible modification of this model and parameter estimation technique is described in Hubalek and Posedel (2008) .
We use the affine property of the Barndorff-Nielsen-Shephard model in order to derive a formula for pricing forward-start options. Applications of the affine processes in derivative pricing have been studied in Duffie, Filipovic and Schachermayer (2003) and Keller-Ressel (2008) . The forward-start option pricing in other stochastic volatility models has been studied in Lucic (2004) , Kruse and Noegel (2005) and Bloch (2008) .
In section 2 we derive a semi-analytical formula for pricing forward-start options in the BarndorffNielsen-Shephard model. Section 3 provides numerical examples based on this formula. Finally, section 4 concludes.
Derivation
The payoff of a forward-start option is
where T is a maturity, T 0 is a forward-start time and k is a relative strike.
Some techniques of pricing plain vanilla options require only the knowledge of the characteristic function of the logarithm of the underlying
1
. Since forward-start options can be seen as options
1 Examples of such techniques are described in Attari (2004) and Carr and Madan (1999) .
on the underlying
, these techniques can be extended to forward-start options. The only modification that must be made is to replace the characteristic function of the logarithm of the underlying
by the forward characteristic function
Keller-Ressel (2008) has derived a general expression for the forward characteristic function of the affine models in terms of the solutions of the generalized Riccati equations. In this paper we use this result to derive an implementable formula for the forward characteristic function of the Barndorff-Nielsen-Shephard model.
The risk-neutral dynamics in the BNS model is
where J t is the Levy subordinator that drives the model, δ is the drift that is determined by the martingale condition for S t , λ is the mean-reversion rate, ρ is the comovement parameter.
In general, the cumulant generating function of the affine models is defined by some functions φ(t, u, w) and ψ(t, u, w) and has the form
for all u, w ∈ C, where E Q [e
The forward characteristic function of the affine models has the form
In the BNS-model
where
and κ(u) is the cumulant-generating function of the Levy subordinator J t that drives the model.
In this paper we consider an example of the BNS-model where the latent state follows the GammaOrnstein-Uhlenbeck process. In this case the Levy subordinator J t is a compound Poisson process
where N t is a Poisson process with intensity a and each x n follows an exponential law with mean
We calculate the integral in (9) analytically in order to accelerate the pricing algorithm. (10) and (12) yield
5 where
Separating real and complex parts in (13) and applying the complex numbers division rule yields 
that can be evaluated analytically
(9) and (15) yield 
Substituting (8) and (18) into (7) yields an analytic formula for the forward characteristic function of the BNS model.
Numerical examples
We have applied derived formulas to illustrate how the price and greeks of a forward-start call 2 See formula (9). 
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